A closed mathematical model of the statistical self-gravitating system of scalar charged particles for conformal invariant scalar interactions is constructed on the basis of relativistic kinetics and gravitation theory. Asymptotic properties of the model are investigated in the ultrarelativistic limit. It is shown, that scalar charge density automatically generates scalar field effective mass and the value of this mass is found. In the paper it is proved the asymptotic conformal invariance of constitutive equations in case of homogenous isotropic Universe. Also it is proved the asymptotic conformal invariance of field equations at the early stages of cosmological evolution.
Introduction
In the early 1980-s the fundamentals of the relativistic kinetic theory of the statistical systems with scalar interaction were formulated [1, 2, 3, 4, 5] . In these years the kinetic theory of particles with scalar interaction seemed to be conceptual theoretical construction with the only purpose of the kinetic theory completeness. However, since the discovery of dark matter factor in cosmology and Higgs bosons in the last decade the development of this theory becomes actual and required for the development of the theoretical physics. In the one hand, the relativistic kinetic theory is a bridge connecting microscopic and macroscopic levels of matter description and on the other hand it is sufficiently rigid theoretical structure significantly reducing a possibility of speculative constructions. In the series of recent Author's works it was formulated the strict relativistic kinetic theory of the statistical systems of scalar charged particles based on the canonical microscopic dynamics and following accurate procedures of the macroscopic averaging; this extends the theory to the case of fantom scalar fields and negative effective particle masses [6, 7, 8, 9, 10, 11, 12, 13, 14, 15] 1 . Moreover, there were constructed the cosmological models based on such systems [18, 19, 20, 21, 22] . In these recent works the models with conformal non-invariant scalar field were considered. Let us notice that the first work on the kinetic theory of the statistical systems with scalar interaction [1] set the problem of asymptotic conformal invariance of the kinetic theory in the ultrarelativistic limit, however it did not provide a well defined answer on this question. The importance of this problem's solution for the contemporary cosmology and the degree of modern development of the kinetic theory of scalar systems with interparticle scalar interaction drove the research presented in this paper. When referring to invariant scalar fields we will imply the scalar fields which equations contain a "conformal member" −R/6.
The Strict Macroscopic Relations of The Relativistic Kinetic Theory
In this chapter we write out the condensed strict relations of the relativistic kinetic theory not depending on the transformational properties of the scalar field obtained in the papers cited above.
The Canonical Equations Of Motion Of Particles In The Scalar Field
The canonical equations of motion of the relativistic particle in phase space Γ have the following form (see e.g. [2] ): where H a (x, p) is a relativistically invariant Hamilton function of the a-sort particle with a scalar charge q (r) a in scalar field Φ r (x):
is an effective mass of a particle, u i = dx i /ds is a particle's velocity vector. The full derivative of the dynamic variables function Ψ(x i , p k ) with an account of (??) can be represented in form:
where there are introduced the invariant Poisson brackets:
where ∇ i is an operator of covariant Cartan differentiation 2 (see e.g. [23] ) 3 :
where ∇ i is an operator of covariant Ricci differentiation and Γ k ij are Christoffel symbols of the second kind relative to metrics g ij of X base. Operator ∇ is defined so that:
The Relativistic Kinetic Equations
Let the following reactions run in plasma:
where a A are particle symbols and n A are their numbers in each reaction channel. As a result of the local correspondence principle and the suggestion of 4d-point particle collisions in each act of interparticle interaction the generalized momentum of interacting particles is conserved:
where the summation is carried out by all initial (I), p i and final (F ), p ′ i states. Thus, the generalized momentums of the initial and final states are equal:
Distribution functions of particles are defined through the invariant kinetic equations [3] :
where I a (x, p a ) is an integral of collisions:
where
2 Covariant derivative in the stratificagion Γ [24] . 3 Covariant Cartan derivatives were first introduced in the relativistic statistics by A.A.Vlasov [25] .
is a scattering matrix of channel of reactions (8) , |M IF | are invariant amplitudes from the initial state I to final F ;
initial state sign "+" corresponds to bosons while '-" sign corresponds to fermions (see details in [3, 4] ).
The Transport Equations of The Dynamic Quantities
The transport equations of the dynamic quantities are the strict integral-differential consequences of the relativistic kinetic equations with the assumption that 4-vector of generalized momentum (10) is conserved in all channels of elementary particles interaction:
where the summation is carried out by all reaction channels (8) .
At Ψ a = g a , where g a are certain fundamental charges conserved in reactions (8) , taking into account (9), (10) and (13) we obtain transport equations for flux densities of plasma particles number:
where:
is a density vector of the fundamental charge corresponding to charges g a . Assuming Ψ a = P k in (13), we obtain transport equations for plasma energymomentum:
where it is introduced the tensor of energy-momentum
and scalar densities of plasma charge relative to scalar field Φ r , σ (r) :
where σ (r) a -are scalar charge densities of a-component of plasma relative to scalar field Φ r :
In particular, for charge singlet (q, Φ) conservation law (15) takes form:
where (see [3, 11] ):
Let us notice that the forms of energy-momentum tensor (EMT) (16) and scalar charge density (18) found for scalar charge particles at given Hamilton function represent direct consequence of the canonical equations and the suggestion about total momentum conservation at local collisions of particles.
Thermodynamic Equilibrium of Plasma in The Gravitational Field
Distribution functions in conditions of thermodynamic equilibrium due to socalled functional Boltzmann equations take locally-equilibrium form:
where upper sign corresponds to bosons, lower sign corresponds to fermions and vector ξ i (x) should be timelike:
and reduced chemical potentials ν a should satisfy the series of conditions of chemical equilibrium:
accordingly to reactions (8) . Timelike vector ξ i (x) defines the macroscopic and dynamic velocities of the system v i (x):
and its local temperature θ(x):
wherewith to define chemical potentials, µ a (x), in the ordinary normalization:
In these terms distribution (21) can be written in following form:
and moments of distribution take form [3] , [5] :
(31)
(32)
4 ρ = 2S + 1
All macroscopic scalars at that are additive:
Ultrarelativistic limit
In the ultrarelativistic limit
the asymptotic expressions for macroscopic scalars (30) -(34) take form:
where we introduce the functions of reduced chemical potential ν = µ/θ:
3 The Self -Consistent Kinetic Model of Self -Gravitating Plasma with Interpartial Scalar Interaction
The Lagrangian formalism
In the article for the purpose of methodological simplicity we consider a system consisting of one scalar field, Φ. The generalization of results to the case of n scalar fields with an account of above-cited formulas and additivity of the Lagrangian function does not require any specific efforts. Let us consider the Lagrangian function of classical massive real scalar field Φ. In such a case the Lagrangian scalar field can be chosen in the following form:
where m s is a mass of scalar field quanta, ǫ 2 = 1 for the classical scalar field, ǫ 2 = −1 for a fantom (in terms of negativeness of the kinetic energy) scalar field; ǫ 1 = 1 for a field with repulsion of likely charged particles, ǫ 1 = −1 for a field with attraction of likely charged particles ǫ 1 = −1. Let us write down an invariant action function for the system of "scalar charged particles + scalar field" [21] in order to get the Euler-Lagrange equation for a scalar field:
a (s a ) are parametric equations of particles' motion defined by their proper times s a , Ω is a 4-d volume of Riemann space. To get the EulerLagrange equation of the scalar field in accordance with a standard procedure it is necessary to calculate the variation S at given particles' trajectory taking into account the formulas for the effective mass (2) and Lagrange functions of the scalar field (41) as well as arbitrariness of the scalar field variations. As a result of standard calculations we obtain:
is D'Alembert operator and scalar charge density of system of particle moving along given trajectories , σ, is described by formula
The statistical averaging of the last expression with an account of properties of Dirac δ -function (methodic of similar calculations with usage of invariant functions of sources see e.g. in [23] ) reduces it to form (34). Let us now consider the Lagrangian function of classical massive real conformal scalar field Φ 5 (see e.g. [8] ; for massive scalar field the conformal invariance is understood as asymptotic property at (m s → 0)):
The Lagrangian function differs from the standard one (see e.g. [28] ) for the presence of factor 1/8π and also for introduced unit indicators ǫ α . Let us find the equation for scalar field using this function in the action integral (42):
Let us notice that in this paper we obtain Ricci tensor by convolution of first and third indices of Riemann tensor R jl = g ik R ijkl .
Energy-Momentum Tensor And the Conservation Laws
Energy-momentum tensor of a scalar field relative to the Lagrangian function (41) is:
Einstein equations for the statistical system of scalar charged particles have from:
where we need to substitute the expressions for the components of energymomentum tensors of plasma (29), (31), (32) and scalar field (46). Calculating covariant divergences from both parts of Einstein equations (47), we obtain from (15) and (46) the total energy-momentum conservation laws:
where from, putting Φ ≡ Const, we again obtain the equation for a massive non-conformal scalar field with a source (71) [3] . The trace of energy-momentum tensor of the scalar field (46) is equal to:
The components of scalar field's energy-momentum tensor relative to the Lagrangian function (44) are [28] :
Carrying out differentiation of Φ 2 in this expression, we get another notation of the scalar field's energy momentum tensor (see e.g. [16] )
The covariant divergence of tensor (51) with an account of commutation relations for second covariant derivatives of vector (see e.g. [27] ):
Calculating covariant divergences from both parts of Einstein equations (47), we obtain from (15) and (52) the total energy-momentum conservation laws:
where from, putting Φ ≡ Const, we obtain the equation (57) for a massive scalar field with a source. Calculating the trace of the scalar field's energy-momentum tensor (51), we find:
where from, with an account of field equation (57) we get a simplified expression:
The Complete System of Equations of the Kinetic Model of Self-Gravitating System of Scalarwise Interacting Particles at Local Thermodynamic Equilibrium Conditions
The complete system of equations of the kinetic model of self-gravitating system of scalarwise interacting particles at conditions of local thermodynamic equilibrium includes Einstein equations (47), transport equations of energymomentum of particles (15), scalar charge conservation law (13) (if the charge is conserved), equations of chemical equilibrium (23), equations of scalar field(s) (71) or (57) together with definitions of current vector (28) , statistical system's energy-momentum tensor (29) , macroscopic scalars (30) -(34), and energymomentum tensor of scalar field (46) or (51). It is appropriate to make here a following notice. The conservation laws of the total energy-momentum tensor of system "particles + scalar fields" (48) or (52) are identically fulfilled at constant scalar fields
However, imposing condition (56) on scalar fields contradicts the principle of least action for such fields with this principle being a fundamental principle of theoretical physics. This contradiction is valid for physical scalar fields. However if such "scalar fields" are generated by the cosmological constant or theories of gravitation of type f (R) such condition is legitimate but such fields are not physical and of geometric origin. In this article we exactly consider physical scalar fields with sources.
Generation of Mass of Conformal Invariant Scalar Field with a Source
Let us consider equation of conformal-invariant scalar field (57) in case of locally equilibrium system of ultrarelativistic scalar chaged particles. Using expression for scalar charge density (39) we reduce this equation to form:
where the following denotation is introduced:
Statement 1 1. Scalar charge density σ for ultrarelativistic locally equilibrium system of particles plays the role of scalar field's effective mass, which, generally speaking, depends on coordinates. 2. Indicator ǫ 1 at that plays the same role as indicator ǫ 2 for standard massive member in the equation of scalar field: case of likely charged particles repulsion corresponds to value ǫ 1 = +1, case of likely charged particles attraction corresponds to ǫ 1 = −1. (where t is a characteristic time scale of the statistical systems, τ ef is an effective time of interparticle interactions) integral of collisions in the right part of the kinetic equations becomes a greater value therefore for local equilibrium plasma it is necessary to use the definition of energy-momentum tensor of liquid (29) and relations (30) -(32) defining macroscopic scalars and equations of chemical equilibrium (23) rather than kinetic equations solution. It should be considered that if chemical equilibrium conditions are fulfilled, locally equilibrium distribution functions (21) automatically make integral of collisions (12) equal to zero. However, according to logics of hydrodynamic approximation (see e.g. [1] ) equality to zero of the right part of the kinetic equations in this case should be seen as just an approximate relation valid only for the macroscopic moments of the distribution function. Let us notice the following important circumstance. As is known, formally in LTE case matter equations obtained on the basis of the kinetic theory do not differ from the equations of hydrodynamics. As is known, formally in LTE case matter equations obtained on the basis of the kinetic theory do not differ from the hydrodynamic equations. However it is also known that hydrodynamic equations do not represent a closed system of equations. To make this system closed it is required to add relations of coupling between macroscopic scalars. This is not required at kinetic approach since corresponding functional relations are actually contained in the integral definitions of macroscopic scalars which does not allow any space for speculations.
Further, let us notice that the problem of LTE establishment with respect to specific interactions in the expanding Universe is quite a delicate question and requires a specific research.
Condition (59), as it turns out, is defined through the dependency of total cross-section of particles' interaction on the first kinematic invariant s = (p a + p b ) 2 of particles' pair interactions. If approximate the value of total crosssection of particles' interaction in range of high energies by power dependence σ tot ∽ s α , then for ultrarelativistic particles in the early Universe in case of summary barotropic equation of state P = κE condition (59) brings us to the following statement [29] : 
LTE is maintained at early expansion stages and violated at the late ones whereas at fulfillment of the condition invert to (60) LTE is violated at the early stages and recovered on the late ones.
2. In the inflation case (κ = −1) at:
LTE is maintained on the early stages and violated on the late ones.
6 it is assumed at that that particles' concentration is defined by locally-equilibrium formula (30)
The Self-Consistent System of Equations for the Isotropic
Homogenous Space-flat Universe
Let us consider the space-flat Friedmann cosmological model
where matter comprises of equilibrium plasma of scalarwise interacting particles and massive scalar field, depending only on cosmological time Φ(t). Состоянию покоя плазмы относительно синхронной в метрике (62) системы отсчета соответствует вектор макроскопической скорости:
Einstein metric's components relative to metrics (62) are equal to:
Further, calculating components Φ ,i
,k , we find:
From (64) and (55) it follows:
Taking into account relations (64)- (66), we can calculate components of energymomentum tensor of a scalar field and represent them in form of components of tensor of the ideal flux
Herewith for non-conformal invariant scalar field we find from (46):
Moreover, we obtain the following relation:
and:
Herewith scalar field equation (71) takes form:
The mathematical model of cosmological evolution descried above in case of conformal non-invariant scalar field has been researched in details in the series of articles cited above an, in particular, in [21] . Models of such kind ensure Universe acceleration and allow the possibility of anomalously fast expansion.
Conformal Transformations of the Cosmological Model Equations
In this article we consider conformal-invariant models of scalar field. In case of conformal-invariant scalar field let us notice the following relation useful in the future:
using which the equation of conformal-invariant scalar field (57) Φ(η) in metrics (62) can be written in the following form:
Taking into account relations (64)-(66), let us calculate the components of energy-momentum tensor of conformally scalar field (50) and fine:
Conformal Transformations of Macroscopic Scalars
Let us investigate the transformational properties of macroscopic scalars (30) -(34) with respect to conformal transformations:
At transformation of momentum and thermodynamic scalars by the next law:
the macroscopic scalars (30) -(34) are transformed by laws:
Then the fundamental current Q conservation law takes form:
The transport equation of energy-momentum of particles (15) in metrics (62) can be written in the following form:
Then, taking into account relation (34), we find:
Carrying out conformal transformations (76) -(77) in equation (80 with an account of (78) and (81) we find:
In the ultrarelativistic limit p m * → ∞; ⇒Ē pl − 3P pl → 0;σ → 0
equation (82) is reduced tō
From the conservation law of scalar charged particles n =θ 3 γ 3 φ 2 (γ) = Const,
and also from (84) we find:Ē pl =θ 4 γ 4 φ 3 (γ) = Const.
Thus, we have two functionally independent equations (85) and (86) 
which ensures conformal invariance of matter equations in the ultrarelativistic limit.
Conformal Transformations of Scalar Field Equation
Let us turn our attention to the field equations. At zero massive member in equation of scalar field (73) we get field equation's transformation law:
where ω 0 = |q|θγ 4πφ 1 (γ) = Const.
Thus, in the ultrarelativistic limitσ depends on η only be means ofΦ(η) and equation (88) has its solution in the ultrarelativistic limit: Φ = C 1 cos ω 0 η + C 2 sin ω 0 η; ǫ 1 = +1;
(91) Φ = C 1 e ω0η + C 2 e −ω0η ;
Let us notice that in the ultrarelativistic limit (83) ω 0 → 0, thus according to (91) and (92) in this approach we can put :
hence in the ultrarelativistic limit (83) an asymptotic solution takes place:
i.e. the asymptotic conformal invariance is recovered also for scalar field. Let us notice that in this approximation in accordance with (74) scalar field's energy density and pressure are equal to zero E s = 0, and the unique non-trivial solution of Einstein equation: 
i.e. has the ultrarelativistic solution a = a 1 η. Thus we can make the following statement:
Statement 3 1. For massless conformal-invariant scalar field in the ultrarelativistic limit(83) and (93) there is an asymptotically exact solution of Einstein equations a(η) = a 0 η Φ = Φ 0 η θ = θ 0 η ;
